Introduction
Muscle acidosis is a major cause of fatigue during high-intensity exercise. Possible mechanisms for this include competition between hydrogen ions (H + ) and calcium ions (Ca 2+ ) at the troponinbinding site, limiting the ability of the muscle contractile machinery to operate effectively (Donaldson et al. 1978; Fabiato and Fabiato 1978) ; impairment of energy production through the inhibition of key glycolytic enzymes (Sutton et al. 1981) ; inhibition of recovery of phosphorylcreatine (Harris et al. 1976) ; and disruption of its role as a temporal buffer of ADP accumulation (Sahlin and Harris 2011) . In this context, nutritional strategies capable of increasing muscle-buffering capacity and attenuating the increase in H + concentration during high-intensity exercise might benefit performance.
To date, 2 nutritional aids have been shown to reduce the rate of intramuscular H + accumulation: sodium bicarbonate (SB) and beta-alanine (BA). Whereas supplementation with SB increases the extracellular buffering capacity and the dynamic buffering (i.e., H + efflux from muscle cells to blood) by increasing the blood bicarbonate concentration (for a review, see Requena et al. 2005) , supplementation with BA increases intracellular buffering capacity by augmenting intramuscular carnosine (␤-alanyl-L-histidine) synthesis (Harris et al. 2006) . In addition to the increased musclebuffering capacity induced by elevated muscle carnosine, a recent study with human muscle fibres showed that high carnosine lev-els can improve the Ca 2+ sensitivity of the contractile apparatus and enhance Ca 2+ release from sarcoplasmic reticulum when Ca 2+ release is inhibited, such as during fatigue (Dutka et al. 2012 ). This mechanism might help to explain part of the beneficial effects of BA supplementation, with or without SB ingestion, that have been reported in the literature (Sale et al. 2011) .
There are various studies showing the beneficial effects of both acute and chronic SB ingestion on high-intensity exercise capacity (McNaughton et al. 2008 ) and on performance in various sports, such as judo (Artioli et al. 2007 ), swimming (Lindh et al. 2008) , and boxing (Siegler and Hirscher 2010) . Several qualitative reviews are available on the effects of BA on exercise performance and capacity (Artioli et al. 2010; Derave et al. 2010; Sale et al. 2010 ). Hobson and colleagues (2012) recently provided a quantitative review of available studies using meta-analysis, and reported a positive effect (p = 0.002) of BA on the outcome of 57 exercise tests from 15 published papers. Much of the positive effect was explained by significant improvements (p = 0.013) in exercise capacity, although BA did not significantly improve exercise performance (p = 0.204). However, it should be noted that few studies have addressed the effect of BA on sports-specific tasks, and the findings of those that have are conflicting (Derave et al. 2007; Van Thienen et al. 2009; Baguet et al. 2010; Bellinger et al. 2012; Saunders et al. 2012) .
High blood lactate (9-15 mmol·L −1 ) has been shown after 100-and 200-m freestyle swimming races, suggesting that acidosis is a key feature of short-distance swimming events (Bonifazi et al. 1993) . Therefore, it seems reasonable to expect that athletes engaged in these events will benefit from an enhanced ability to buffer reductions in intracellular pH. A combination of strategies capable of increasing intracellular (with BA supplementation) and extracellular and dynamic buffering capacity (with SB supplementation) could further enhance the ability of the muscle to buffer H + . Also, the recently demonstrated effect of carnosine on calcium sensitivity (Dutka et al. 2012) could provide an additional theoretic mechanism for the additive ergogenic effect of BA and SB.
Some studies have examined the ergogenic potential of SB on short-distance swimming performance (i.e., 100 and 200 m or 100 and 200 yards) and interval swimming performance (Gao et al. 1988; Pierce et al. 1992; Lindh et al. 2008; Pruscino et al. 2008; Siegler and Hirscher 2010; Joyce et al. 2012) . However, results are quite conflicting; some studies reported no effect of SB on timetrial performance (Pierce et al. 1992; Pruscino et al. 2008; Joyce et al. 2012 ), one reported a positive effect on swimming trials (Lindh et al. 2008) , and others reported improved interval swimming performance (Gao et al. 1988; Siegler and Hirscher 2010) . However, no study has yet investigated the effects of BA supplementation on swimming performance. Likewise, the potential for coingestion of BA and SB to further improve swimming performance, compared with either BA or SB alone, has not been studied. Existing studies on the combined effects of BA and SB on exercise capacity (Sale et al. 2011 ) and performance (Bellinger et al. 2012) are equivocal, and further information is required from well-controlled exercise performance studies. Therefore, we performed 2 independent studies aimed at examining the effect of BA supplementation alone (study A) and in combination with SB supplementation (study B) on high-intensity swimming performance (i.e., 100-and 200-m races).
Materials and methods

Study A: Effects of BA on swimming performance
Participants
Eighteen junior-standard swimmers (12 male, 6 female) volunteered to participate in the study. Participant characteristics are presented in Table 1 . All swimmers were well-trained athletes who were actively participating in state-level official competitions at the time of data collection. All athletes were involved in a regular training program that focused on 100-and 200-m distance training. The periodization phase was the same during the course of the study, and training regimens consisted of 6 × 1.5 h pool-based and 2 × 1 h land-based training sessions per week. Participants had not consumed creatine in the 3 months prior to the study or BA in the 6 months prior to the study. All participants were fully informed of any risks and discomforts associated with the study, and all gave their written informed consent. The study was approved by the institution's Ethical Advisory Committee.
Experimental design and dietary supplementation
A randomized, double-blind, placebo-controlled, parallel-group study was conducted. The randomization was stratified by gender and by individual best time in the 200-m race.
The athletes were assigned to receive either BA (n = 9) or placebo (PL; n = 9). However, 2 volunteers from the PL group dropped out before completing the study. Athletes in the BA group received 3.2 g·day −1 of BA (CarnoSyn, Compound Solutions Inc., Vista, Calif., USA) during the first week (800 mg gelatin capsules, taken 4 times per day) and 6.4 g·day −1 during the subsequent 4 weeks (2 × 800 mg gelatin capsules, taken 4 times per day). Athletes in the PL group received the exact same amount of placebo (i.e., dextrose), which was given as identical capsules (Ethika Inc., Sao Paulo, Brazil). Carboxymethyl cellulose was added to both BA and dextrose capsules to slow the absorption of BA and minimize paraesthesia. Figure 1 illustrates the experimental design. Participants underwent the same experimental procedures on 2 different occasions, 5 weeks apart. The trials were completed at baseline (PRE) and after 5 weeks of supplementation (POST). In each trial, the athlete's performance was assessed with 2 simulated swimming time trials (i.e., 100-and 200-m freestyle races).
Simulated swimming time trials
All simulated swimming time trials took place in the same swimming pool (2 m deep × 25 m long × 20 m wide) at the same time of day (1500-1700 h). The athletes were familiar with competing over the set distances and performed each race in abilitymatched pairs, as assigned by their coach. This procedure was adopted to introduce a competitive element to the protocol, which helps to make the simulation closer to a real competitive situation (Lindh et al. 2008) . The order of racing was kept the same in the PRE and POST trials. Each pair completed a standardized warm-up prior to each trial. Ten minutes after the warm-up, the pairs performed the 200-m freestyle time-trial performance. After the 200-m trial, the athletes recovered for 30 min before the same pairs performed the 100-m freestyle time-trial performance. All races started with the athletes diving off diving blocks and were timed using an electronic timing system (Omega Swiss Timing, Bern, Switzerland).
Food intake assessment
To control for intervening variables, food intake was assessed during the supplementation period by means of three 24-h dietary recalls undertaken on separate days (2 weekdays and 1 weekend day), with the aid of a visual photo album of real-sized foods and portions. The 24-h dietary recall consisted of listing the foods and beverages consumed during the 24 h before the assessment. Nutritional supplements were also recorded. Energy and macronutrient intake were analysed with Virtual Nutri software (Sao Paulo, Brazil).
Study B: Effects of the coingestion of BS and SB on swimming performance
Participants
Fourteen junior-standard swimmers (7 male, 7 female), not engaged in study A, volunteered for participation in this study (athletes' main characteristics are presented in Table 1 ). The periodization phase was the same during the course of the study, and training regimens consisted of 8 × 2.5-h pool-based and 3 × 1.5-h land-based training sessions a week. Exclusion criteria, randomization and blinding procedures, and dietary assessment and performance tests were identical to those described in study A. All participants were fully informed of any risks and discomforts associated with the study, and all gave their written informed consent. The study was approved by the institution's Ethical Advisory Committee.
Experimental design
The experimental design ( Fig. 1 ) was adapted from Sale et al. (2011) . The performance tests were identical to those applied in study A. The first trial (PRE) was completed prior to the supplementation period. The athletes were then randomly assigned to receive either BA (n = 7) or PL (n = 7), and were supplemented for 4 weeks and 4 days. The BA group received 3.2 g·day −1 of BA (CarnoSyn, Compound Solutions Inc.) during the first week (800 mg gelatin capsules, taken 4 times per day) and 6.4 g·day −1 during the subsequent 3 weeks and 4 days (2 × 800 mg gelatins capsules, taken 4 times per day). Athletes in the PL group received the exact same amount of placebo (i.e., dextrose), which was given as identical capsules (Ethika Inc.). Carboxymethyl cellulose was added to both BA and dextrose capsules to slow the absorption of BA and minimize paraesthesia.
After 4 weeks of BA or PL supplementation, the athletes acutely ingested either SB (0.3 g·kg −1 body weight) or placebo (same dose of dextrose) in a crossover fashion (POST1 and POST2 assessments (POST1 and POST2, the first and second assessment of swimming performance, respectively, after the supplementation begun)). There was a 4-day interval between trials, during which the participants continued the BA or PL supplementation. SB and placebo were acutely consumed over a 10-min period, with 500 mL of plain water, commencing 90 min prior to the start of the trials. This design allowed for 4 experimental conditions: PL-PL, PL-SB, BA-PL, and BA-SB.
Statistical analysis
In both studies, unpaired t tests were used to compare performance, food intake, and participant characteristics between groups at the PRE trial. Swimming performance was tested with repeated-measures mixed models, followed by single-degree-offreedom contrast analysis. In study A, the absolute changes (i.e., POST-PRE) in performance were compared in the experimental groups using an unpaired t test. In study B, absolute changes were compared in the experimental conditions with a 1-way analysis of variance, followed by a Tukey's post hoc test. Additionally, a magnitude-based inference was conducted, following the recommendations of Batterham and Hopkins (2006) , to detect small effects of practical importance in an applied setting. This establishes the likelihood (in percentage terms) of each experimental manipulation having a positive, trivial, or negative effect. All . BA, beta-alanine; SB, sodium bicarbonate; suppl., supplementation; POST1, performance assessment immediately after the 4 weeks of supplementation; POST2, performance assessment immediately after the 4 weeks and 4 days of supplementation.
other analyses were conducted using SAS software, version 9.2. The significance level was set at p < 0.05.
Results
Study A
No between-group differences were observed prior to supplementation (PRE) for the 100-and 200-m freestyle races (Table 1) .
In the 100-m trial, mixed-model analysis revealed a trend toward a significant effect of BA supplementation on the time-trial performance (interaction effect, F = 3.75; p = 0.07) ( Fig. 2A) . Also, contrast analysis revealed a significant within-group effect after BA supplementation (p = 0.029) ( Fig. 2A) . Absolute changes in performance in the BA group, compared with the PL group, approached a statistically significant difference in the 100-m race (p = 0.07) (Fig. 2B) . Individual data show that all 9 athletes swam faster after BA supplementation (average change, -2.1%), whereas only 4 of 7 in the PL group swam faster in the 100-m race (average change, +0.3%) ( Table 2 ).
In the 200-m trial, a significant interaction effect was observed in the mixed-model analysis (F = 7.59; p = 0.015) (Fig. 2C) . Also, contrast analysis revealed a significant within-subject effect in the BA group (p = 0.0008) (Fig. 2C) . Absolute changes in performance observed in the BA group were statistically different from those in the PL group in the 200-m race (p = 0.002) (Fig. 2D) . Individual data showed that 8 of 9 athletes swam faster in the BA group (average change, -2.0%), whereas 4 of 7 swam faster in the PL group (average change, -0.1%) ( Table 2) .
Magnitude-based inference analysis revealed that the positive performance changes after BA supplementation in the 100-and 200-m trials were approximately 96% and 99%, respectively (Table 3) .
Food intake
The intake of energy (BA, 3499 ± 1327 kcal; PL, 3335 ± 1035 kcal; p = 0.80), carbohydrate (BA, 52.8% ± 5.9%; PL, 50.4% ± 8.2%; p = 0.55), lipid (BA, 30.8% ± 7.7%; PL, 29.8% ± 5.2%; p = 0.77), and protein (BA, 16.7% ± 2.3%; PL, 19.9% ± 6.2%; p = 0.23) did not significantly differ within or between groups.
Study B
At PRE, there were no significant differences between the BA and PL groups in either 100-or 200-m freestyle time-trial performance (Table 1) .
100-m swimming performance
In the 100-m time trial, the mixed-model analysis showed no interaction effect (F = 1.36; p = 0.28). Contrast analysis revealed significant within-group effects when SB was ingested (i.e., in the PL-SB and BA-SB conditions; p = 0.022 and p = 0.051, respectively), Note: PRE, baseline; POST, after 5 weeks of supplementation. but no effect was observed in the BA-PL condition (p = 0.49) (Fig. 3A) . The combination of BA plus SB did not elicit further improvements in the 100-m performance, compared with BA alone (p = 0.29) (Fig. 3A) . However, the likelihood of BA having a positive effect on performance was ϳ65%, and the likelihood of SB exerting additive effects to BA was ϳ72% (Table 3) . Absolute change analysis revealed no differences in the 4 conditions (F = 2.01; p = 0.14) (Fig. 3B) . Two of the 7 athletes swam faster after placebo ingestion (i.e., PL-PL condition; average change, +1.1%; ⌬ mean time, +0.67 ± 2.77 s) than before supplementation. In contrast, 100-m performance improved in 6 of the 7 athletes after acute SB supplementation (i.e., PL-SB condition; average change, -2.6%; ⌬ mean time, -1.70 ± 2.07 s) and after chronic BA supplementation (i.e., BA-PL condition; average change, -1.4%; ⌬ mean time, -0.84 ± 1.47 s). All 7 athletes were faster after chronic BA combined with acute SB supplementation (average change, -2.8%; ⌬ mean time, -1.59 ± 1.71 s) than before supplementation. All 7 athletes showed further improvement in the 100-m performance after acute SB supplementation combined with chronic BA supplementation (BA-SB), compared with placebo (BA-PL) (average change, -1.4%; ⌬ mean time, -0.76 ± 0.43 s). Table 4 presents data for the individual athletes.
200-m swimming performance
There was a significant improvement in the 200-m time-trial performance after chronic supplementation with BA, after acute ingestion of SB, and after the combination of these 2 (interaction effect, F = 5.17; p = 0.024) (Fig. 3C) . According to the contrast analysis, BA supplementation (i.e., BA-PL condition) tended to improve 200-m performance (p = 0.06), compared with the PRE performance (Fig. 3C) , whereas both PL-SB and BA-SB supplementation significantly improved 200-m performance (p = 0.0001 and p < 0.0001, respectively) (Fig. 3C) . The combination of BA plus SB did not elicit further significant improvements in the 200-m performance, compared with BA alone (p = 0.21) (Fig. 3C) . However, the likelihood of BA having a positive effect on the 200-m performance was ϳ92%, and the likelihood of SB having additive effects to BA was ϳ78% (Table 3) .
Absolute change analysis revealed that the BA-PL, PL-SB, and BA-SB conditions yielded greater performance improvements than PL-PL (F = 8.5; p = 0.001), although no differences were observed between conditions (Fig. 3D) . Three of the 7 athletes swam faster after placebo ingestion (i.e., PL-PL condition; average change, +0.9%; ⌬ mean time, +1.31 ± 2.77 s) than before supplementation. All 7 athletes showed improved 200-m performance after acute SB supplementation (i.e., PL-SB condition); average change, -2.3%; ⌬ mean time, -3.29 ± 3.29 s) and after chronic BA supplementation (i.e., BA-PL condition; average change, -1.5%; ⌬ mean time, -1.97 ± 1.01 s). All 7 athletes were also faster after chronic BA combined with acute SB supplementation (average change, -2.13%; ⌬ mean time, ⌬2.78 ± 0.82 s) than before supplementation. Additionally, all 7 athletes showed further improvements in the 200-m performance when acute SB supplementation followed chronic BA supplementation (BA-SB), compared with placebo (BA-PL) (average change, -0.63%; ⌬ mean time, -1.18 ± 0.62 s). Table 4 presents data for the individual athletes.
Food intake analysis
The intake of energy (BA, 3418 ± 822 kcal; PL, 3219 ± 794 kcal; p = 0.66), carbohydrate (BA, 57.1% ± 6.8%; PL, 53.2% ± 5.6%; p = 0.29), lipid (BA, 24.2% ± 4.5%; PL, 26.3% ± 6.4%; p = 0.51), and protein (BA, 18.5% ± 6.8%; PL, 20.4% ± 3.8%; p = 0.56) did not significantly differ within or between groups.
Side effects and blinding efficacy
In study A, 4 of 9 subjects reported mild paraesthesia with BA supplementation; in study B, 4 of 7 subjects reported the same symptoms. None of the subjects in study B reported severe gastrointestinal symptoms related to SB ingestion, but all of them experienced eructation with SB supplementation. In study A, 7 of 16 subjects successfully predicted the substance ingested (Fischer's exact test, p = 0.61). In study B, 6 of 14 subjects successfully predicted BA or PL during the 4 weeks (Fischer's exact test, p = 0.59), whereas 8 of 14 subjects successfully predicted SB or PL after acute ingestion (Fischer's exact test, p = 0.59).
Discussion
To our knowledge, this is the first study to examine the ergogenic effects of BA supplementation on swimming performance. Furthermore, this is one of the few studies to examine the effects of BA, with or without SB supplementation, in well-trained competitive athletes.
Our main finding is that 4 and 5 weeks of BA supplementation effectively improved the 200-m freestyle swimming performance of trained athletes, and tended to improve the 100-m performance. Although the effect of BA on the 100-m performance did not reach statistical significance, 15 of 16 athletes (all 9 in study A and 6 of 7 in study B) performed better after BA supplementation than before, which is likely to be relevant in real competitive settings (probability of positive effect was 96.2% in study A and 65.2% in study B). Combining data from the 2 studies (while noting the slightly shorter supplementation period in study B), we estimate that the 100-m swim time improved with 4-5 weeks of BA supplementation by -1.08 ± 1.39 s, compared with a presupplementation time of 61.22 ± 6.06 s, in contrast to a mean change in the combined placebo group of +0.46 ± 2.26 s. Similarly, the combined 200-m swim data allowed us to estimate an improvement of -2.28 ± 1.47 s after 4-5 weeks of BA supplementation, in contrast to a mean change in the combined placebo group of +0.63 ± 2.60 s.
It is interesting to note that BA supplementation was somewhat more effective in study A than in study B, especially for the 100-m time trials. The most likely explanation for this relates to the statistical power of the 2 studies; although study A assessed 3 more athletes than study B, the number of levels in the statistical analysis in study B was considerably higher, which certainly hindered our ability to detect the slight, though meaningful, improvements in performance elicited with BA. To overcome this Note: All probabilities refer to the POST trial (after supplementation) vs. the PRE trial (baseline), except BA-SB vs. BA, which refers to the addition of sodium bicarbonate (SB), compared with beta-alanine (BA) alone.
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issue, we used a magnitude-based inference analysis, which may be a more appropriate approach in this type of study (Batterham and Hopkins 2006) . In contrast to the 100-m time trials, the ergogenic effect of BA on the 200-m performance was more consistent in the 2 studies. This can be explained by the duration of the 200-m trial, which falls into the range that gets more benefit from BA supplementation (i.e., exercise lasting 60 to 240 s) (Hobson et al. 2012) . Alternatively, it could be argued that the higher training volume and the better competitive indexes of athletes in study B hindered the effect of BA supplementation. This possibility cannot be ruled out because there is indirect evidence in the literature indicating that the putative increase in musclebuffering capacity induced with high-volume, high-intensity longterm training regimens diminishes the importance of the BAinduced increase in muscle carnosine (Bellinger et al. 2012 ).
Study B indicates that SB was also effective in improving both the 100-and 200-m swimming performance, and to a similar extent as that achieved with BA. Moreover, acute SB decreased the swim time in athletes already supplemented with BA by a further -0.76 ± 0.43 s (71.2% likelihood of a positive effect) and -1.18 ± 0.62 s (78.5% likelihood of a positive effect) over the 100-m and 200-m trials, respectively. The combined effect of BA + SB supplementation were -1.59 (±1.71) s and -2.78 (±0.82) s, respectively. Our results are in accordance with those of Sale et al. 2011 , which indicated that the coingestion of BA plus SB, compared with either one alone, led to a 4.1% increase in time to exhaustion, which related to a 69% probability that this is a meaningful difference in exercise capacity. Taken together, these 2 studies suggest a slight but probably important additive effect of BA and SB. Further studies are needed to examine whether or not different dosing regimens of BA (e.g., for periods longer than 4 or 5 weeks, which could result in higher muscle carnosine accretion (Hill et al. 2007) ) and SB (e.g., chronic supplementation) display more evident additive ergogenic effects. More and more studies have shown that BA supplementation can improve high-intensity exercise capacity (Hobson et al. 2012) , but fewer studies have examined the effect on exercise performance. Exercise performance studies are required to provide direct evidence of the efficacy of BA supplementation as an ergogenic aid in real sports settings. The few existing studies involving the application of BA to relevant sports activities have revealed a potential ergogenic effect in the final sprint of a cycling race (Van Thienen et al. 2009 ) and in rowing , but not in a soccer-specific test or 400-m running trials (Derave et al. 2007 ). Indeed, further investigations are warranted to determine which sports could theoretically benefit from the ergogenic effect of BA (e.g., 400-m swimming races, 800-m running races, team sports, and combat sports).
It is important to emphasize that most investigations involving BA supplementation have enrolled physically active individuals, rather than well-trained athletes (Hill et al. 2007; Stout et al. 2007; Zoeller et al. 2007; Smith et al. 2009 ). Despite the methodologic constraints inherent in studies involving athletes (e.g., reduced sample size, competition schedule constraints, inability to perform invasive assessments), they are important to substantiate the efficacy of nutritional aids in sports. In this sense, our investigation corroborates the ergogenic effects of BA. In fact, by examining the intraindividual variances in the most recent Brazilian national-level 100-and 200-m freestyle competitions (i.e., the same competitive level as the athletes enrolled in our study), we observed that the improvements seen with both BA and SB are much greater than the normal variance of the real competition (normal variance, 0.4% for 100-m and 0.01% for 200-m trials, compared with improvements ranging from 1.4% to 2.8% after supplementation). This strengthens the concept that both strategies can provide meaningful advantages in actual competitions. Furthermore, considering the 100-and 200-m racing times of men and women competing at the semifinals and finals in the 2012 Olympic Games in London, the absolute improvements promoted by both BA (-1.28 s over 100 m and -1.60 s over 200 m) and SB (-1.69 s over 100 m and 1.97 s over 200 m) would have elevated the sixth-place athlete to first place in most events. Hence, the improvements observed in our investigation could represent a useful competitive advantage in the "real-world" scenario. However, it is important to highlight the fact that our athletes had no Olympic indexes at the time of data collection, although all of them were well trained. Thus, caution should be exercised when extrapolating these findings to top-level elite athletes.
An important limitation of this study is the lack of muscle and blood analyses to confirm the ability of BA to increase muscle carnosine and of SB to increase blood bicarbonate. However, because only well-trained competitive athletes volunteered for the investigation, data collection had to include only minimally invasive procedures. Despite the lack of these measurements, every human study using 1.6 to 6.4 g·day −1 of BA for 4 weeks or longer has found increases of >40% in muscle carnosine (Stellingwerff et al. 2012) . Likewise, many studies have consistently demonstrated that acute ingestion of 300 mg·kg −1 of SB results in a significant increase in blood bicarbonate concentration and pH (Requena et al. 2005) . Therefore, the supplementation protocols used for both BA and SB in our study are very likely to have promoted increased muscle carnosine and blood bicarbonate, respectively, which minimizes the weight of these lacking data.
Finally, it is important to note that more than 50% of the athletes ingesting BA reported mild paraesthesia, which is a symptom commonly described when 1600 mg of BA in powder is acutely ingested (Harris et al. 2006; Decombaz et al. 2011 ). The same symptoms are not observed when 1600 mg of BA is provided in controlled-release tablets (Stellingwerff et al. 2012) , suggesting that the strategy adopted in our study to slow the absorption of BA (i.e., the addition of carboxymethyl cellulose to the gelatin capsules) was only partially successful in preventing paraesthesia. Despite this, our data show that the athletes were not able to correctly guess the substance that they were taking, which suggests that the blinding remained intact.
In conclusion, BA and SB supplementation improved the 200-m freestyle swimming performance in highly trained athletes, and tended to improve the 100-m performance. The coingestion of BA and SB further increased the 200-m time-trial performance by -1.18 s and the 100-m time-trial performance by -0.76 s, compared with BA alone, which makes the effect of supplementation, respectively, ϳ80% and ϳ70% likely to be meaningful. Future studies involving trained athletes are warranted to investigate the effect of BA, with and without SB, in the various sports in which performance is limited by acidosis.
